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In this paper, we describe “state of the art” on the diagnosis and treatment for low back pain in athletes.
Lumbar motion that induces speciﬁc pain would be a clue to the exact diagnosis. In the ﬂexion pain
group, lumbar herniated nucleus pulposus is the most common disorder. Discogenic pain and type 1
Modic endplate inﬂammation may also cause ﬂexion pain; however, the diagnosis is sometimes difﬁcult.
In children and adolescents, apophyseal ring fracture is prevalent. In the extension pain group, lumbar
spondylolysis is very common, especially in pediatric athletes. In adults, facet pain due to overloading
would be the pathology, while low back pain with trunk rotation is not common. However, throwing
athletes, such as pitchers and hammer throwers, may experience this kind of pain; facet arthritis
contralateral to the throwing arm would be the origin of the pain. Low back pain on lumbar lateral
bending is rare, but we experienced some cases in golfers in whom type 1 Modic change at the lateral
corner was the source of pain. In this article, we explained strategies for state-of-the-art diagnosis and
minimally invasive treatment.
© 2016 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.1. Introduction
Unlike the normal population, athletes frequently use their
trunk during sports activity. Thus, repetitive overloading on the
spine may cause pathology and lead to low back pain in athletes. To
determine the exact diagnosis, it is very important to consider the
trunk motion that causes the low back pain.
When athletes feel pain during trunk ﬂexion, the pain gener-
ator would be located around the anterior compartment,
including the disc, endplate, and apophyseal ring (in children).
Pain basically appears because of compressive mechanical force.
Rarely, traction on an inﬂamed posterior back muscle causes pain
during trunk ﬂexion. On the other hand, when athletes feel pain
during trunk extension, the pain source would be the posterior
compartment of the spine, such as the pars interarticularis and
facet joints. Some athletes may complain of low back pain during88th Annual Meeting of the
.
: þ81 88 633 0178.
).
tion. Published by Elsevier B.V. Allrotation or lateral bending. Even for such speciﬁc movements, the
pain generator would be around the site of mechanical stress
during movement.
In this article, we describe strategies to arrive at a precise
diagnosis and introduce a state-of-the-art, minimally invasive
treatment for low back pain in athletes.2. Flexion pain
2.1. Herniated nucleus pulposus (HNP)
For orthopedic surgeons, the diagnosis of the typical HNP is
usually not difﬁcult because the clinical presentation of HNP is not
complicated, and on MRIs the typical HNP would be clearly
demonstrated. Furthermore, owing to the improvements in the
quality of magnetic resonance imaging (MRI), visualization of the
herniated nucleus pulposus (HNP) has become clear. In this article,
we introduce a minimally invasive endoscopic technique for lum-
bar HNP, which originated from Hijikata's percutaneous nucleot-
omy [1]. After efforts and trials on several fronts [2e4], the current
procedure of percutaneous endoscopic discectomy (PED) was
developed [5,6].rights reserved.
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the following:
1) Local anesthesia
2) 8-mm skin incision
3) Minimal damage to the back muscles
Fig. 1 demonstrates the PED procedure [7]. The 8-mm cannula
was placed at about 10 cm lateral to the midline, resulting in an 8-
mm skin incision. The edge of the cannula was placed at the so-
called half-and-half position, so that the upper portion of the
endoscopic view corresponded to the epidural space while the
annulus ﬁbrosus was visible in the lower portion. The HNP frag-
ments were removed from this site.
Because of the minimal invasive approach to the back muscles,
this techniquewould be suitable for athletes. So far, we have applied
PED under local anesthesia for 22 athletes. Our recommendation
after surgery was stretching and core muscle exercises for 4 weeks
and conditioning and jogging thereafter. For non-contact athletes,
such as runners, baseball players, and so on, we allowed them to
return to their pre-operative baseline level 6weeks after surgery. For
contact athletes, such as players of football, handball, and rugby, we
requested that they build sufﬁcient core strength of the trunk for at
least 8 weeks prior to returning to the sports.
Eventually, all athletes were able to return to their sports ac-
tivities. However, two of them could not perform at the original
competitive level. Nevertheless, 90.9% of the patients could return
to their usual high intensity level of sports. The recurrence rate of
HNP after surgery was 9.1% (2 of 22 cases). One patient had
recurrence 2.5 months after surgery and the lesion eventually
healed with conservative treatment. The other patient was very
active after the initial PED surgery; as a member of the national
team, he performed at the highest level in Japan. About 18 months
after recurrence, revision PED surgery at the same level was con-
ducted through the same access under local anesthesia.
During the PED procedure, the cannula and endoscopic access
to the HNP was through the intervertebral foramen. It is basically
different from traditional discectomy, such as Love's procedure or
micro-endoscopic discectomy (MED), which uses the interlaminar
space. Thus, there may be complications that are speciﬁcally
related to PED [8], and one example is exiting nerve root injury
during cannula insertion. Recently, Henmi et al. reported aFig. 1. Percutaneous endoscopic discectomy. Through an 8-mm cannula, the herniated frag
dicates a skin incisional scar on the right side.technique to avoid exiting nerve root injury with foraminoplasty
[9]. In addition, surgeons should be aware of other potential
serious complications of high intracranial and epidural pressures,
which would manifest as headache, neck pain, and seizure. Indeed,
Choi et al. [10] reported 4 cases of seizure among 16,725 cases of
PED. Joh et al. [11] monitored the cervical epidural pressure (EP)
during the PED procedure for 28 patients. Among them, 8 cases
complained of neck pain, and the high EP was monitored as the
neck pain occurred. The cervical epidural pressure and intracranial
pressure has the positive relationship; thus, it is not difﬁcult to
assume that when patient complains of neck pain, intracranial
pressure would be high.
Fig. 2 demonstrates the case of a rugby player who had an HNP
located at the left L5eS1 (transitional vertebra), which was
removed by the PED technique under local anesthesia [12].
Immediately after surgery, the pain disappeared. Within 4 weeks
after the PED, he concentrated on trunk muscle core exercise and
stretching, followed by jogging and other conditioning exercises.
Eight weeks after surgery, he returned to his original activities.
There was no recurrence within 1 year of follow-up.
2.2. Discogenic pain
Discogenic pain also produces pain in ﬂexion. However, unlike
HNPs, it does not affect the leg with symptoms of pain and
numbness. For the precise diagnosis of discogenic pain, discogra-
phy was reported to be an important tool [13,14]. MRI is another
important diagnostic tool that is much less invasive than discog-
raphy. In 1992, Aprill and Bogduk ﬁrst reported on the signiﬁcance
of the high signal intensity zone (HIZ) in the posterior annulus
ﬁbrosus, a potentially good indicator of discogenic pain [15].
Fig. 3 demonstrates the typical MRI and discography ﬁndings for
HIZ. It has beenwidely reported that the presence of HIZ correlated
well with positive concordant pain in discography. As shown in the
right panel, the contrast medium goes into the posterior annulus,
where the HIZ is located and causes concordant pain by an in-
ﬂammatory process [16]. Thus, anti-inﬂammatory therapy, such
non-steroidal anti-inﬂammatory drugs (NSAIDs) and intradiscal
therapy, is recommended.
The gold standard of surgical treatment for discogenic pain
would be spinal arthrodesis [17,18]. Recently, PED and radio-
frequency thermal annuloplasty have been reported to bement can be removed under endoscopic visualization (left panel). The right panel in-
Fig. 2. MRI ﬁndings in a rugby player with herniated nucleus pulposus (HNP). The HNP was located on the left L5eS1 (transitional vertebrae). It was removed by percutaneous
endoscopic discectomy (PED) under local anesthesia.
Fig. 3. Typical ﬁndings of high intensity zone (HIZ) on MRI and discography. On the left panel, the HIZ is located in the posterior annulus (arrow). On the right panel, the contrast
medium is seen going into the posterior annulus, where the HIZ is located.
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enough amount of removal of degenerated disc material, the HIZ
site was visualized by a spinal endoscope. Sugiura et al. reported
that discoscopic ﬁndings of the HIZ site suggested inﬂammation
and neovascularization [21]. This procedure enables simultaneous
visualization of the inﬂammatory site while applying bipolar radio
pulses for abrasion and modulation.
There are not many reports on thermal annuloplasty for ath-
letes, althoughwe have reported four cases. Fig. 4 demonstrates the
MRI ﬁndings of a male professional baseball player who had not
responded to more than 1 year of conservative treatment at
another hospital and did not have an exact diagnosis. His symptom
was low back pain during slight trunk ﬂexion, without leg symp-
toms. Upon referral and initial presentation to our institution, MRI
revealed central-type disc protrusion at L3eL4 and L4eL5. HIZ was
clearly noted 10 months later at the L4eL5 disc (Fig. 4, right panel).
Following discography, HIZ was determined to be the pain gener-
ator, for which thermal annuloplasty followed by PED wasperformed. He was able to return to the professional level from the
next season (6 months after the surgery).
2.3. Type 1 Modic change
In degenerated spines, abnormal signals around the vertebral
endplate are observed on MRI. Modic was the ﬁrst to classify the
abnormal images into three types [22,23]. Type 1 change is in-
ﬂammatory reaction, which shows a low signal in T1-weighted
images and a high signal on T2-weighted MR images. Accord-
ingly, high signals in both T1-weighted and T2-weighted images for
type 2 change indicate fatty marrow change. Type 3 demonstrates
low signals in both T1-weighted and T2-weighted images, indi-
cating sclerotic change of the endplate. Type 1 Modic change re-
ﬂects bone inﬂammation; thus, it was reported to indicate the pain
generator [24].
Fig. 5 demonstrates obvious inﬂammation on short tau inver-
sion recovery (STIR)-MRI scan of a type 1 Modic change in two
Fig. 4. MRI ﬁndings at initial presentation of a male professional baseball player. A central-type disc protrusion at L3e4 and L4eL5 are seen. HIZ was noted at the L4eL5 disc 8
months later.
Fig. 5. Short tau inversion recovery (STIR)-MRI of type 1 Modic change in a female wrestler and a male mixed martial arts ﬁghter shows obvious inﬂammation (arrows).
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who both complained low back pain during ﬂexion. Intradiscal
injection of steroid provided pain relief and resolution of the
inﬂammation.
2.4. Apophyseal ring fracture in children and adolescents
The clinical signs and symptoms are very similar to HNP in
adults. Low back pain and leg pain are the main symptoms. How-
ever, the HNP that compresses the nerve root may spontaneously
resolve [25]. On the other hand, nerve compression by apophyseal
ring fracture does not spontaneously resolve. Thus, in children and
adolescents, the exact diagnosis of the fracture would be conﬁrmed
by computed tomography (CT), because MRI cannot distinguish
between fracture and HNP.Fig. 6 demonstrates the typical MRI and CT ﬁndings in a 15-year-
old male soccer player with apophyseal ring fracture. In certain
cases, conservative treatment may be effective. This is exempliﬁed
by the case of a 12-year-old female ﬁgure skater (Fig. 7), whose
parents opted for conservative treatment, which resolved the pain
gradually and enabled her to return to her sport. However, twelve
months later, follow-up MRI indicated the persistence of the frag-
ment (Fig. 7). Although there was no clinical symptom, her ham-
strings were very tight. Owing to the nature of her sports activity,
which requires extraordinary ﬂexibility, she was compelled to
retire. Based on this experience, we recommend that surgeons
should be aware that tight hamstrings could be the sequela of
conservative treatment of apophyseal ring fracture in children and
adolescents [26,27]. For pediatric athletes in sports that require
ﬂexibility, such as gymnastics and ﬁgure skating, surgical
Fig. 6. MRI and CT scan ﬁndings of an apophyseal ring fracture in a 15-year-old male soccer player. On MRI, ﬁndings seem to be similar to lumbar herniated nucleus pulposus.
However, on CT scan, the bony fragment is obvious.
Fig. 7. A 12-year-old female ﬁgure skater with apophyseal ring fracture. Follow-up MRI 12 months later (right panel) shows persistence of the bony fragment.
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strings after conservative care.
3. Extension pain
3.1. Lumbar spondylolysis
It has beenwidely accepted that lumbar spondylolysis is a stress
fracture of the pars interarticularis that commonly appears in
children and adolescents [28e31]. Fig. 8 demonstrates the CT stages
of lumbar spondylolysis [32e35]. Bone absorption is seen in the
early stage and usually, it is demonstrated as an incomplete fracture
on sagittal reconstruction CT scan. The stress fracture would start
from the caudal aspect to the cranial side [36]. Fig. 9 shows the
typical CT scan of early-stage spondylolysis. Bone absorption is seen
at the caudal aspect of the pars interarticularis. The progressive
stage is the complete fracture and the terminal stage is
pseudoarthrosis.
For each stage, the pain mechanism is different. Therefore, the
goal of conservative treatment is also different. For the early and
progressive stages, pain is due to fracture, which is obvious onSTIR-MRI as marrow edema and/or extra-osseous bleeding
(edema). In Fig. 10, the progressive stage defect that is seen on the
left is combined with such MRI ﬁndings [37]; on the other hand,
the terminal stage defect that is seen on the right does not show
such ﬁndings on MRI. At the terminal stage of spondylolysis, the
pain generator would be communicating synovitis, which resolves
with conservative management [38]. Fig. 11 demonstrates the
typical MRI ﬁndings of communicating synovitis in terminal-stage
spondylolysis. Effusion is obvious in the defect and adjoining facet
joints. With conservative management, the low back pain
decreased and the effusion due to synovitis also subsided (Fig. 11,
right panel).
There are two goals of conservative treatment. For the early and
progressive stages, when bone union is still possible, we will
attempt to achieve bony healing with the use of a hard brace.
Basically, it will take 3 months for the early stage and 6 months for
the progressive stage to achieve bony healing [34]. For the terminal
stage, pain management would be the goal because there is no
possibility of bony union for pseudoarthrosis that has been
managed conservatively. The pain mechanism at this stage would
be synovitis of the pars defects and adjoining facet joints, as shown
Fig. 8. Staging of lumbar spondylolysis on CT scan. In the early stage, bone absorption is usually seen as an incomplete fracture on sagittal reconstruction CT scan; the progressive
stage is represented by a complete fracture; and the terminal stage is represented by pseudoarthrosis.
Fig. 9. Typical CT scan and MRI of early-stage spondylolysis. Bone absorption is seen at the caudal aspect of the pars interarticularis. On MRI, bone marrow edema at the adjoining
pedicle is also a speciﬁc feature.
Fig. 10. CT and MRI ﬁndings of progressive-stage (left) and terminal-stage (right) spondylolysis. On MRI, intra-osseous edema and extra-osseous abnormalities, which may indicate
soft tissue bleeding and edema, are noted on the left side.
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for the synovitis. Lumbosacral soft brace [39] is usually used to
prevent extension during performance. When pain persists, steroidinﬁltration in the defects and intake of NSAIDs are other options.
Almost all pediatric patients can return to the baseline activity with
such conservative care.
Fig. 11. MRI ﬁndings of communicating synovitis in the terminal stage. Effusion is obvious in the defect and adjoining facet joints.
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Fig. 12 demonstrates a case of facet arthritis in a male profes-
sional baseball player. He was a pitcher and complained low back
pain on extension. CT scan showed facet deformity at the left side,
with obvious surrounding inﬂammation on STIR-MRI. In athletes,
simple extension pain is rare. A combination of extension and
rotation was likely to have caused the pathological change in the
facet joint, which induced low back pain. This player had pain on
extension that was most severe with right rotation during the
cocking phase of pitching. A detailed explanation of rotational pain
follows in the next sections.4. Rotation pain
A simple rotation may cause spinal disorder. In our experience,
the majority of spinal disorders occur with repetitive loading by
rotation and extension. Between these two ranges of motion,
rotation would mainly cause the disorder, because it is usually
unilateral.Fig. 12. STIR-MRI and 3D-CT scan for facet arthritis. DeformatioFig. 13 illustrates by ﬁnite element analysis the stress distri-
bution during extension with right rotation. It is obvious that
mechanical stress on the left side is higher than the right side.
Rotation to the right would cause contact of the facet joints and
cause higher stress on the left. Based on this biomechanical study,
contralateral facet arthritis would occur predominantly on the
throwing arm of athletes, such as pitchers and hammer throwers.
The case in Fig. 12 would be in good agreement with this hy-
pothesis; facet arthritis in a right-handed pitcher was severe on
the left side.
Fig. 14 shows the CT ﬁndings of four throwing athletes.
Fig. 14A and B are right-handed throwers, whereas C and D are
left-handed. Three of them (B, C, D) were pitchers of profession
baseball and one (A) was an Olympic game hammer thrower.
Note that the facet joints of the contralateral side were hy-
pertrophied. Facet joint inﬁltration with steroids may be
effective in reducing inﬂammation, but repetitive mechanical
stress may cause recurrence. Therefore, simultaneous rehabil-
itation for core muscle strengthening, including trunk/thorax
rotational mobilization and lumbar spine stabilization, are
recommended.n is seen on CT and inﬂammation is obvious on STIR-MRI.
Fig. 13. Stress distribution during lumbar extension and right rotation by 3D ﬁnite
element analysis. Note that the von Mises stress is higher on the left side than the right
side, indicating that during rotation, the contralateral facet joint is more stressed than
the ipsilateral side.
Fig. 14. CT scan images of throwing athletes. A and B are right-handed throwers, and C and
(A) was an Olympic hammer thrower. Note that the facet joint of the contralateral side is h
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5.1. Type 1 Modic change at the lateral aspect
We reported four golfers with type 1 Modic change on the right
[40]. Upon rightward lateral bending during the golf swing, the
right corner of the endplate was under mechanical stress, inducing
inﬂammation only at the right side, which was obviously seen on
STIR-MRI Fig. 15. On mid-sagittal MRI (Fig. 16), this inﬂammatory
sign may likely be overlooked. After careful consideration of the
history and painful performance, a diagnosis could be obtained. All
four right-handed golfers had similar clinical and radiologic cour-
ses.When an athlete clearly complains of unilateral low back pain, a
coronal view STIR-MRI would be optimal to compare the right and
left sides and demonstrate inﬂammation (Fig. 16, right panel).
Surgeons should be aware of the pathological conditions that are
speciﬁc to certain sports activities.
Anti-inﬂammatory therapy would be the option to lessen low
back pain. NSAIDs are usually used and intradiscal steroid injection
is another option. After signiﬁcant conservative treatment, Modic
type 1 may convert to type 2 or type 3.
6. Conclusion
In this article, sports-related lumbar spine disorders were
described. Pathology is mostly caused by repetitive spinal loading
during sports performance. Thus, it is very important to know the
types of painful lumbar motion during sports. By considering the
mechanical stress points during the painful motion, an inﬂamma-
tory reaction should be searched on STIR-MRI. This process canD are left-handed. Three of them (B, C, D) were pitchers of profession baseball and one
ypertrophied.
Fig. 15. T2-weighted MRI images of type 1 Modic change on the right. Inﬂammation is obvious on STIR-MRI.
Fig. 16. MRI images of type 1 Modic change on the right side. The inﬂammatory sign was not seen on mid-sagittal plane, but was clearly demonstrated on coronal view of STIR-MRI.
K. Sairyo, A. Nagamachi / Journal of Orthopaedic Science 21 (2016) 263e272 271precisely determine the generator of low back pain. Minimally
invasive procedures, including bracing, intradiscal steroid inﬁltra-
tion, and endoscopic surgery, could be beneﬁcial for athletes.
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